Background: Diffusion-weighted imaging (DWI) is a noninvasive method for investigation of tumor histological content. It has been applied for some musculoskeletal tumors and reported to be useful. Objectives: The aim of the present study was to prospectively evaluate the apparent diffusion coefficient (ADC) values of benign and malignant soft tissue tumors and to determine if ADC can help differentiate these tumors. Patients and Methods: DWI was performed on 25 histologically proven soft tissue masses. It was obtained with a single-shot echo-planar imaging technique using a 1.5T magnetic resonance (MR) machine. The mean ADC values were calculated. We grouped soft tissue tumors as benign cystic, benign solid or mixed, malignant cystic and malignant solid or mixed tumors and compared mean ADC values between these groups. Results: There was only one patient with a malignant cystic tumor and was not included in the statistical analysis. The median ADC values of benign and malignant tumors were 2.31 ± 1.29 and 0.90 ± 0.70 (median ± interquartile range), respectively. The mean ADC values were different between benign and malignant tumors (P = 0.031). Benign cystic tumors had significantly higher ADC values than benign solid or mixed tumors and malignant solid or mixed tumors (p values were < 0.001 and 0.003, respectively). Malignant solid or mixed tumors had lower ADC values than benign solid or mixed tumors (P = 0.02). Conclusion: Our preliminary results have shown that although there is some overlap between benign and malignant tumors, adding DWI, MR imaging to routine soft tissue tumor protocols may improve diagnostic accuracy.
Background
Although magnetic resonance imaging (MRI) has an important role in characterization of soft tissue tumors, it lacks specificity for differentiation between benign and malignant lesions (1, 2) . Benign lesions are much more common than malignant lesions in daily practice (1) . Therefore, we need diagnostic tools that improve our diagnostic confidence and prevent unnecessary biopsies or surgeries.
Diffusion-weighted imaging (DWI) is a noninvasive method for investigation of tumor histological content. Increased apparent diffusion coefficient (ADC) values represent an increase in extracellular water or loss of cell membrane integrity whereas decreased ADC values reflect decrease in extracellular water content or increase in cell number or size (3). These features make DWI an invaluable tool for identifying benign and malignant lesions in the body.
It is generally hard to differentiate between benign and malignant soft tissue tumors from their signal intensities except for some soft tissue tumors that have unique MR imaging signal and localization such as lipoma, ganglion cyst etc. DWI MR has been applied to some soft tissue tumors and reported to be useful (4, 5).
Objectives
The purpose of this study was to prospectively evaluate ADC values of benign and malignant soft tissue tumors and to determine if ADC values can help differentiate these tumors.
Patients and Methods
Between May 2012 and March 2013, 25 patients with soft tissue neoplasm (17 males and eight females), aged between 3 and 77 years (mean, 36.6 years) with no previous surgery or treatment were prospectively included in our study. The diagnosis of all masses was confirmed by biopsy and/or surgery after MR imaging.
Nine patients had benign cystic tumors: three had a ganglion cyst, three had complex synovial cyst, two had epidermal cyst and one had complicated Baker's cyst. Ten patients had benign solid or mixed tumors, three had hemangioma, two had schwannoma, while chronic hematoma, neurofibroma (Figure 1) , fibromatosis, giant cell tumor of tendon sheath and pigmented villonodular synovitis affected one patient each. There was only one patient in the malignant cystic tumor group (pleomor-phic liposarcoma). Five patients had malignant solid or mixed tumors, two had soft tissue metastasis from lung adenocarcinoma (Figure 2 ), one had embryonal rhabdomyosarcoma, one had synovial sarcoma, and one had undifferentiated soft tissue sarcoma. Lesions were located in the thighs (5), knees, ankles (4), buttock, phalanx (2), groin, shoulder, upper arm, forearm and calf (1).
Lipomas were not included in this study because of their classic appearance on conventional MR and the fat-saturated pulse that was used on DWI. In three patients with hemangioma, lesions were intramuscular in location. One patient with chronic hematoma did not have previous trauma or anticoagulant medication history. The institutional research ethics committee approved this study, and informed consent was obtained from all participants. 
Magnetic Resonance Imaging
All studies were conducted using a 1.5-T system (Achieva; Philips, The Netherlands). Our routine bone tumor MR imaging protocol includes the following sequences: axial, coronal and/or sagittal T1-weighted, fat-suppressed T2-weighted, dynamic MR imaging and contrast-enhanced fat-suppressed axial, coronal and/or sagittal T1-weighted images. We obtained diffusion-weighted images before contrast administration for all patients that participated in the study. The pulse sequence used for obtaining the DW images was a single-shot spin-echo Echo-Planar Imaging (EPI) technique with the following parameters: repetition time, 4500 msec; echo time, 105 msec; directions of the motion-probing gradients, three orthogonal axes; b value, and 1000 sec/mm 2 ; field of view, 220 mm; matrix size, 128 × 128; section thickness, 5 mm with 0.2 -1.0-mm intersection gaps; and two signals acquired. Parallel imaging techniques (SENSE) with a reduction factor of 1 -1.5 were used. In all images, a fat-saturated pulse was used to exclude chemical-shift artifacts. Three DW images were obtained within an acquisition time of one to two minutes.
ADC maps were automatically generated on the operating console from concurrent images. The ADC values were calculated using the following equation 
Image Analysis
All the DW images were transferred to a workstation (Easy Vision; Philips Medical Systems). The ADC values were obtained by drawing a region of interest (ROI) on the ADC map and histogram analyses were obtained. The DW image analyses were made by two radiologists independently that were blind to the clinical data of the patients. For solid and mixed tumors, the ROIs were placed on the solid part of the lesions, as selected from T2-weighted and contrast enhanced MR images. Cystic and necrotic areas were not included in solid tumors.
Statistical Analysis
We grouped lesions as benign cystic, benign solid or mixed, malignant cystic and malignant solid or mixed tumors. Data analyses were performed using the SPSS software (ver. 15.0, SPSS for windows; SPSS inc., Chicago, IL, USA). The mean ADC values were compared between malignant and benign tumors using the Mann-Whitney U test. We only had one patient with a malignant cystic tumor and did not include it in the statistical analysis. P values of less than 0.05 were considered statistically significant.
Results
Age, gender, histological diagnosis and mean ADC value of each patients have been mentioned in Table 1 . The median ADC values of benign and malignant tumors were 2.31 ± 1.29 and 0.90 ± 0.70 (median ± interquartile range), respectively ( Table 2) . We compared benign and malignant tumors and a significant difference in the ADC values were observed between the two groups (P = 0.031). Benign cystic tumors had significantly higher ADC values than benign solid or mixed tumors and malignant solid or mixed tumors (P values were < 0.001 and 0.003, respectively). Malignant solid or mixed tumors had lower ADC values than benign solid or mixed tumors (P = 0.02).
There was some overlap in ADC values between benign and malignant soft tissue tumors. Some benign tumors (giant cell tumor of tendon sheath and fibromatosis) showed very low ADC values. Pleomorphic liposarcoma had ADC values as high as benign cystic tumors.
Discussion
Our preliminary results showed that although there is some overlap, mean ADC values of benign and malignant soft tissue tumors were statistically different. Adding diffusion-weighted MR to routine soft tissue tumor protocols may improve our diagnostic accuracy. Larger studies with different histological subtypes are required to determine threshold ADC values that can be used in clinical practice.
Differentiating benign and malignant soft tissue tumors in the musculoskeletal system, like other fields in the body, may be possible by DWI. Increased ADC values represent an increase in extracellular water or loss of cell membrane integrity whereas decreased ADC values reflect decrease in extracellular water content or increase in cell number or size (3, 6) . However, there are some exceptions; malignant tumors usually have lower ADC values and benign tumors usually have higher ADC values. Threshold ADC values for the different tumor types and organs have been reported (7, 8) . However, to the best of our knowledge, threshold ADC values for soft tissue tumors have not been reported yet (7, 8) . We found that the mean ADC values of benign and malignant soft tissue tumors were statistically different. Benign cystic lesions were tumors that had the highest ADC values in our study similar to a previous study by van Rijswijk et al. (4) . Giant cell tumors of tendon sheath had the lowest ADC values in our study. Nagata et al. (9) also found low ADC values in giant cell tumors of the tendon sheath and diffuse-type giant cell tumors. Its histologic features, spindle-shaped stromal cells and multinucleated giant cells, are thought to be responsible for low ADC values (10) . The diffusion properties of the giant cell tumors of the tendon sheath could be used to differentiate tumor residue or recurrence from postoperative findings (6, 10, 11) .
Most malignant tumors and some benign tumors were heterogeneous in our study. We did our measurement from the solid most homogeneous part of the tumor and did not include cystic or necrotic areas like previous studies (4-6). We used small ROIs for determination of the minimum ADC values of the tumor that reflect the part with highest cellularity (5, 12) .
Our patient with rhabdomyosarcoma had previous trauma and he was erroneously thought to have chronic hematoma by conventional MRI. We had ADC values (0.95 × 10 -3 mm 2 /sec) lower than chronic hematoma, similar to a previous study by Oka et al. (5) , and this patient was proved to have rhabdomyosarcoma. We used echo-planar techniques for imaging. The rapid acquisition that reduces artifacts due to patient motion is the major advantage of this technique (13, 14) . We encountered some magnetic susceptibility artifacts and geometric distortions with EPI yet found it less important than the artifacts caused by movements of the patient.
There were several limitations associated with our study. First, the number of patients, especially those with malignant tumors, was limited in this study. Second, we performed a histogram analysis and used mean ADC values. We did not calculate perfusion effects. However, we analyzed all images with high b value (1000) to reduce contribution of the perfusion effects. Third, the blood products may influence the ADC values of complicated lesions. Last, we did not obtain inter-observer variations of measurement of ADC values in this study.
In conclusion, our preliminary results showed that ADC values are significantly higher in benign tumors. Although there was some overlap between benign and malignant tumors, adding DWI MRI to routine soft tissue tumor protocols may improve diagnostic accuracy. A prospective study of a larger cohort will be required to determine the threshold ADC values that can be used in clinical practice.
